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TES'I'S OF THE AXlSPS-1 RADAR ANTEXNA IX THE 

By Ralph W. May, Jr. 

Test8  have been conducted to  dstemlno the drive-motor  torque and 
the static force and mrrmbnt characteriatfcs of the AN/SPS-1 radar antenna. 
Shifting the longitudinal position of the antenna hud very l itt le effect 
on the drive-motor torque, which reached a mrm value expressed in 
t e r n  of dynamic preaaurs (T/q)- of 1-17 st 821 szimuth angle of 24'j0. 
The maximum observed values of rolling, pttching, and yawing moments in 
t e r n  of Qnamic presaure are -29.0, 66.6, and 13.4, respectively. 

I 

c A radar  antenna operating at the top of a ship's mast is subjected 
to varying wind and dcceleratim loads which muet be overcane by stabi- 
lizing mechaniamer that keep the antenna level at all attitudes of the 
vessel In p€tch and roll, Slnce the acceleration load8 vary directly 
with the antenna w e t a t ,  the weight of the drfve-motor and stabflizing 
aystems must be a8 light as possible and yet be adequate t o  provfde the 
required performance. In order to provide desfm clata, tests of a mock-up 
of the AN/SPS-l radar antenna have been conducted In the Lancrley fu l l -  
scale tunnel at  the request of the Bureau of Ships, ma- Depsrbent,  to 
determine (I) the variation of meximum drive-motor torque with longitudlnal 
position of the antenna, (2) the variatlan of the drive-motor torque Kith 
azimuth angle, and ( 3 )  the static  forces and moments about the gimbal 
location of  the  proposed  antenna etabilizlng a y s t e m .  

The AR/SPS-l radar antenna is a ship-borne  unit incorporating indi- 
virlual air-search, surfuce-search, and recognftian antennas. The antenna 
must be capable of operating at a speed of approximately 1 3  rpm at 
velocitiea  of 60 knots und, alao,  of structurally wlthatandlng wind 
veloc i t ies  up to 90 knote. - 
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drau, pounds 

lift, pounds 

side force, porn38 

pitching moment, pomd-feet 

yaKing moment, pomd-feet 

drive-mtor torque, omce-feet 

azimuth anale, degrees (Oo  with antema f a c i n R  d irect ly  

Q 

upatream) 

distance of ant- reuruard from Ail1 forward position, inches 

win3 velocity, feet per second 

! 

The AN/SS-l antenna' h a t  mock-up ia eham munted in the 
Lan~ley  f"I-8cale tunnel in figure 2, an3 a three-view drawkg of the 
antenna g i v i m  the principal dimensions cnl essential nomenclature i s  
presented in  fignre 3 .  The proposed pmduct ian  -el is 3Lmensimally 
similar to the test mck-ap ahawn in figurea 2 an3 3 except f o r  ths 
pedestal. The test mock-up pedestal incorporates only a drive mechanism 
with R 1/4-horeepower mtor ani gear reducttan system; whereas the 
actu.%l antenna w i l l  possetrs in adrlition a stabllizlng mechmism t h s t  
hinms around a gimbal locate& on the center of rotation and 8 inchee 
belox th3 assem5lg base plate  of the antems (fig. 3) . The t e s t  mck-up 
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has adjustable 6-inch slots i n  the  antenna  aaembly  base  plate-and 
in the  aurface-8eamh-antenn8  support arme eo tbt the  surface-search 
unit can be maintained at a set distance of 26.5 inchee (fig. 3 )  fram 
the  center of rotatian while the   reminder  of the antenna assembly is  
Shifted 1ongltIdinally. 

The wind-tunnel investigation  inclucledboth dynamic and a t a t i c  
tests. In the dynamic teats ,  first, the variation of maxfrmnn drive- 
motor torque was obtained while the antema poeiticm, except fo r  the 
surface-search  unit, was ehifted 1ondtulinall.y with respect   to   the 
center of rotatian. Although design epecfficatians required t h s t  the 
surface-search unit be held at a dfstance of 26.9 inchee from the 
center of rotation, m e  run was made to detarminq the   e f fec t  of short- 
ening the  distance to 24.5 inches. Because of the uncertainty of being 
able t o  ahorten the distance 011 the  productIan nodel of the Am/SPS-l 
radar antenna, however, the rest of the   tes ta  weme r m  with  the  surface- 
search unit maintained at the prescribed distance of 26.5 inchee and 
the antenna set at the position showing minlrmxm peak torque  requirements. 
Secondly, the var ia t ion of motor torque required t o  overcome wfnd loach 
vllle rletermined for a cnmplate  azimuth range at  wind velocitfee of  47 and 
72 feet per eecond. The e t a t i c  t e s t s  cmeisted of slx-ccnaponent force 
and moment meaeuremnts at wlnd ve loc i t ies  of 72 an3 99 feet  per aeccmd 
with the  antenna locked at IOo intervals through 811 azimuth  range of 
frcm 350O to 190~. 

Ln the -c t e a t s  WLth the antenna ro t a t ing  in  the  afr stream 
at 3~ average weed of about 1 3  rpm, simultaneous values of azimuth 
angle, motor speed, and motor power inpat were recorded by camera. The 
azimuth angle, ro t a t i&  epeed, and power input were de termfned by an 
autoeyn arrangement, an elec' tr ical  tachometer, end e wattmeter, 
respect ively,   Pr ior   to  the wind-tmnel  investigatim, the l/b-horsepower 
drive motor was ca l ibra ted   to  obtaFn the  torque-speed end power-speed 
curves  of  figure 4. Before each dynamic test, the voltage was regulated 
by means of 8 variac 80  that the slmultaneoua steady values of power and 
motor speed fell on the power-speed c u r r e  of ffgure 4. This  speciflc 
voltage was maintained throughout  the t e a t  as  the tunnel was operated. 
Motor-torque values correspmdlng to  the values of motor speed  recorded 
during the tests were then determined from the  torque-speed  calibration 
curve of figure 4. All torque data,  except  that wed In determining 
the variation of peak motor torque with langitu3fnal antenna p ~ e i t i o n ,  
have been corrected for the tare torque r e d t i n g  f r a m  gear train loss. 

The full-scale-tunnel  balance eyatem deacribed in reference I was 
used fo r  the s t s t i c   t e s t  measurttments. All static data have been 
correcte3 for the  tere caused by the par t  of the  cylindrical  pedestsl 
protruding above the teq-drop  fairfnq.  The t m e  of the ~e-lestal m a  
obtained with the eaterma removed from the pedestal and the large 
horizontal  cut-out i n  the mounting rfng zmerea. 
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a .  The variation of maximum drive-motor torque with 1onRitudlnal 

poei t ion  of the AIp/SPS-I radar antenna is  ehom in figure 5 to be very 
mall, with values of (T/q)- ( includLng gear t r a in   l o s s )  ranging 
only from 3.04 with the antenna full forward to 2.99 Kith the  antenna 
ful l  back. Althorn  shortening the length of the surface-aearch- 
antenna support 81pt~ 2 inches decreased (T/q)- - 2 .P percent, the 

surface-search unit was maintained at the Bpscified  distence of 
26.5 inches from the center of rotat ion for the m e t  of the tests. 

The wind-load torque c m e s  of figure 6 indicate a rather large 
torque  decrease, especially fn the azimuth range having high posit ive 
torque values, as the wind velocity i a  increaeed from 47 t o  72 feet 
per second. Although both curve8 show a correspmding varfatian of 
T/q with  azimuth angle, the 72-foot -per -escd  c m e  i a  believed t o  
be s a p w h a t  in e r ro r  because at t h i s  wind velocity the 1/4-horeepower 
drive motor of the t e a t  mock-up becolllss ma@etically  saturated in the 
azimuth regions of high torque and the i n e r t i a  forces keep the antenna 
rotatln.4. Aleo, the drl  ve-motor speed-torque currre of figure 4 could 
be in .error fn  the a t a l l  speed range because the curve had to  be e s t i -  
mated i n   t h a t  speed range where calibration points were not available.  

i 
The antenna erperiences high wind-load torque through M azimuth 

remge of from about 220° t o  330° as the a ~ a c e - s e a r c h  uni t  comes into 
the air stream. A peak value of T/q of 1-15 due t o  wind Loads is 
reached at an azimuth e n a e  of about 245' ( f f g a  6 )  Another azimuth 
region of high torque is from approximately bo t o  80° where the : 

re t rea t ing  surfme-search unit does not supply enough balancing torque 
to  counteract the torque requimd by the  remaining part of the  antenna. 
A f a i r ing  an the back of the  leading aids of the eurface-search unit  
ahould decrease the torque required through the azimuth range f r o m  220° 
to 3'30' and also should decrease the  torque in the 40' to &lo azimuth 
range i f  the back of the fair€= were made to provide added effect ive 
f la t -p la te  area to the surface-search unit u8 it r e t r e a t s  in  the second 
quadrant .  

Static  Teste 

The variat ions of the draK, Ifft, and side force, and the rolling, 
pitching, and yawing moments about the Rimbal  location  ere shown i n  
f i w e  7 for wind veloc i t ies  of 72 and 99 feet   per second. The maximum 



I n c r e a s m  the win6 velocity h98 30 consistent effect on the s t a t i c  
force and m a m e n t  function8  except for elfghtly increaalng t h e  rolling 
mamsnt %/a and elightly decreasing the yawLnp moment W,/q. The drag 
and p i t c h h g  moments attain their greatest val.ucs8 at approximately Oo, 
have minimum value8 st 90*, -an3 again reach second but lower p e i t i v e  
peaka at 180° azfmuth (figs. "(e) an6 7(e)) .  The afde-force and rollInq- 
moment variatims are essential- 2-cycle aine variations (figs.  7(c) 
and 7( d )  ) having negative peeks st  boo to 550 E Z I ~  posi tfve peaks at 
135O to LhOo szimuth W e s .  The maximum positfve values of  side 
force ~ / q  an6 roll- mament %/q !.n terms of dynamic pressure are 

only 8.4 and 26.3 ,  respectively, compareci with -10.9 end -29.0 f o r  the 
reepective maximtan neaative valuee. Values of the yawing mment Mz/y 
in terms of d y n d c  preseure, which are indfcative of the drive-motor 
starting torque requirements, are in exce8a of 5 though an azimuth 
range of approximately 6o0 t o  170° (fig. 7(f ) )  . m e  l i f t  var la t fm 
gfven in figure 7(b) is d g  of aeconchry impor tme.  

The siFpniflcant results of the Am/SPS-l radar-antenna t s s t s  in 
t he  Langley full-scale t m e l  may be suna~arizsd as follows: 

1. Shif t ing the longltuiinal p o a l t i m  of the antenna has very 
l i t t l e   a f f e c t  on the  drive-motor torque requlrellaente. 

Q 

2. The drive-mtor t o r o u e  resultine; from wind 1093s i s  high in 
the azfmuth range of from 2a0 to 370° and from 40° to %lo an3 reaches 
a mexlmum value, expreesed ~n terms of mmic pressure (T/U)~=, 
Of 1.15 at 245O azimuth. 

I 
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(a) Threequarter fmnt view, * = 0 0 .  
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(b) Threequarter front view, 4f = 180'. 

Figure 2. - Concluded. 
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